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Hepatitis C virus (HCV) quasispeciation was studied in two children vertically coinfected with HCV and
human immunodeficiency virus type 1 (HIV-1). HCV quasispecies diversification and liver injury were more
significant in patient C1, who was immunocompetent with anti-HIV therapy, than in patient C2, who was
immunosuppressed, in consistency with modulation of HCV quasispeciation and liver injury by immunocom-
petence in coinfected children.

To characterize the evolution of hepatitis C virus (HCV)
disease and the influence of human immunodeficiency virus
type 1 (HIV-1) and antiretroviral therapy (ART) (17), longi-
tudinal sequence analysis of E2 envelope gene hypervariable
region 1 (HVR1) was undertaken for two male Caucasian
children (C1 and C2), who acquired HCV and HIV-1 infection
by mother-to-child transmission.

Patient C1, born in 1996, was treated from birth with zidovu-
dine, which was complemented with lamivudine when HIV-1
cocultures became positive at 6 weeks of age. Early HIV-1
viremia correlated with a rise in CD8 cell counts, a sharp
decline in CD4 counts, and an inversion of the CD4:CD8 ratio,
consistent with acute HIV-1 infection (Fig. 1A and B) (3).
HIV-1 viral load decreased and stabilized at the end of the first
year of life, while CD4 counts remained within the normal
range. At 1.16 years of age, combination ART (lamivudine-
stavudine-ritonavir) was introduced, resulting in a further de-
cline in HIV-1 viral load and a rise in CD4 counts (Fig. 1).
Levels of alanine (ALT) and aspartate (AST) aminotrans-
ferases peaked 36 days later, followed by a decline over the
following weeks without a change in treatment (Fig. 1C). In-
fection with HCV-1b (21) at 1.77 years of age was confirmed by
PCR. Stored plasma samples were used retrospectively to mea-
sure HCV RNA levels, which were not influenced by ART
(Fig. 1B). Between the ages of 3 and 6, HIV-1 levels declined
but remained detectable, HCV viral load was stable, ALT and
AST levels remained at twice normal or less, and CD4 counts
declined but remained within the normal range (Fig. 1) (3). A
liver biopsy performed at 5.83 years of age showed chronic
hepatitis characterized by distorted lobular architecture to-

gether with mild, diffuse lobular inflammation with occasional
nodular lymphoid infiltrate and prominent macro- and micro-
vesicular steatosis. Portal tracts were expanded with mononu-
clear cell infiltrates, and interface hepatitis was present in the
majority. Mild periportal and sinusoidal fibrosis was observed.

At 4.5 months later, changes in ART brought the HIV-1
viral load to �50 copies/ml and raised CD4 counts. Common
clinical complications related to pediatric HIV infection were
not seen. HCV RNA was extracted from plasma and was
amplified using previously described primers and conditions (8,
9). Strict PCR precautions were adopted. A total of 115 inde-
pendent subclones were sequenced. Multiple alignments were
performed using Clustal X version 1.81 (30). Overall, accumu-
lation of nucleotide substitutions was observed within HVR1
(nucleotides 1482 to 1562), while flanking E1 and E2 segments
(1407 to 1481 and 1563 to 1670) remained stable. The mean
frequencies of synonymous substitutions per synonymous site
(dS) and of nonsynonymous substitutions per nonsynonymous
site (dN) and the dN/dS ratio for HVR1 and flanking regions
(22) were calculated using MEGA version 2.1 software (15). A
dN/dS ratio of �1 reflects the occurrence of selective pressure.
Within flanking regions, the mean dS was 0.013 � 0.005 sub-
stitutions per site and the mean dN was 0.014 � 0.005 (dN/dS
ratio of 1.08). In contrast, the mean dS was 0.007 � 0.003
within HVR1, with a mean dN of 0.183 � 0.038 (dN/dS ratio
of 26.1), consistent with strong selective pressure applied to
HVR1. Phylogenetic reconstructions built using the neighbor-
joining method (22) revealed a rapid increase in the complexity
(number of variants) and diversity (genetic distance) of HCV
quasispecies starting at 1.56 years of age, directly following
control of HIV-1 replication by ART and a rise in CD4 counts
(Fig. 2A). Except for variant 79A, predominant at birth, none
of the initial variants was detected after initial sampling, indic-
ative of the rapid evolution of the viral quasispecies (Fig. 3A).

HIV-1 infection was confirmed by viral coculture in patient
C2 (born in 1990). CD4 counts dropped between 2 weeks and
7 months of age, indicative of moderate immunosuppression
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(3) (Fig. 1D). Zidovudine monotherapy was introduced, result-
ing in a rebound of CD4 counts which then declined to 88/mm3

by 6 years of age (Fig. 1D). Oral candidiasis was a recurrent
finding, while additional drug combinations failed to control
HIV-1 replication (Fig. 1E). Elevations of ALT and AST levels
were observed in three instances following changes in ART
(Fig. 1F). Infection with HCV-1a excluded, in retrospect erro-
neously, by negative serology at ages 4, 8.5, 10, and 12 years
was diagnosed by PCR at age 12.5. It was determined retro-
spectively that C2 was HCV RNA positive from birth, consis-
tent with mother-to-child transmission (Fig. 1E). A liver biopsy
(age 12.5) showed no lobular inflammation and rare steatotic
hepatocytes. Most portal tracts were normal, with the rare
presence of portal inflammation, interface hepatitis, and fibro-
sis. One focus of micronodular formation was observed. A total

of 212 independent recombinants were sequenced, and no
significant accumulation of nucleotide substitutions was ob-
served within HVR1 over 12.5 years of follow-up (mean dS of
0.042 � 0.024; mean dN of 0.011 � 0.003; dN/dS ratio of
0.262). A similar situation was found within flanking regions
(mean dS of 0.043 � 0.018; mean dN of 0.003 � 0.001; dN/dS
ratio of 0.0698). HVR1 sequences were tightly clustered, and
no reliable phylogenetic connectedness could be inferred (Fig.
2B). In addition, one of the main variants present in patient C2
soon after birth (variant 120A) was clearly detectable in blood
12.5 years later (Fig. 3B). These results suggest an absence of
immune selective pressure applied to HVR1 sequences in pa-
tient C2. Indeed, despite a high circulating viral load, C2 was
repeatedly found to be HCV seronegative, likely an outcome
of HIV-induced immunosuppression (5, 12).
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FIG. 1. Clinical parameters measured in coinfected children. (A and D) CD4� (open circles)- and CD8� (filled circles)-T-lymphocyte counts
were measured by flow cytometry. Introduction of and changes in antiretroviral therapy are indicated by arrowheads. Arrowhead 1, zidovudine-
lamivudine-ritonavir; arrowhead 2, zidovudine monotherapy; arrowhead 3, zidovudine-lamivudine-saquinavir; arrowhead 4, amprenavir-didano-
sine-stavudine; arrowhead 5, lamivudine-stavudine-ritonavir-nelfinavir; arrowhead 6, didanosine-stavudine-lopinavir-ritonavir. (B and E) HIV-1
plasma RNA levels (open squares) were measured using the Quantiplex HIV RNA version 3.0 assay (Bayer, Pittsburgh, Pa.), with a sensitivity of
50 copies/ml; plasma HCV RNA levels (filled squares) were quantified using the COBAS Amplicor HCV Monitor assay version 2.0 (Roche
Diagnostics, Montreal, Quebec, Canada), with a sensitivity of 100 IU/ml. (C and F) ALT aminotransferase (dashed lines) and AST aminotrans-
ferase (solid lines) levels were assayed on a Synchron LX20 system (Beckman Coulter, Palo Alto, Calif.). Sampling times are represented by vertical
dashed lines.
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Coinfection with HIV-1 worsens the prognosis of HCV dis-
ease (23, 27), while HCV-associated liver disease is a common
cause of HIV-associated morbidity and mortality (19, 28).
HCV exists in its host as a collection of variants termed qua-
sispecies (18), whose evolution correlates with viral persistence
(6, 7, 16, 34), long-term outcome of HCV disease (13), and
response to interferon treatment (9, 24). Studies of HCV-
infected agammaglobulinemic patients (11) and adults coin-
fected with HIV-1 (17, 25, 26, 31) have suggested that relative
immunocompetence modulates HCV quasispecies diversity.
Results obtained with patient C1, in whom constant remodel-
ing of HCV quasispecies and accumulation of NS mutations in

HVR1 were observed, support this interpretation. They also
explain the stable quasispeciation profile seen in patient C2,
who exhibited variant persistence, low CD4 counts, and func-
tional immunodeficiency. While levels of quasispecies com-
plexity at the last time point were comparable in both patients,
the small genetic distances observed for patient C2 were con-
sistent with random nondirectional drift. The higher number of
infecting variants may also have contributed to overall quasi-
species complexity in patient C2.

HCV can be transmitted from mother to child (29, 33, 35),
but coinfection with HCV and HIV-1 in children is rare by
all accounts. To our knowledge, our work provides the first

FIG. 2. Phylogenetic analysis of HCV HVR1 sequences derived from peripheral blood or liver samples obtained from coinfected children.
(A) Case 1. A total of 115 independently derived HVR1 sequences (mean of 16.4 clones per time point; n � 13 to 20) were analyzed using the
neighbor-joining method as described in the text. A transition/transversion ratio of 0.5 was used, and 500 bootstrap resamplings were performed.
Letters correspond to the specific time point after birth at which sequences were isolated (A, 0.13 years; B, 0.14 years; C, 1.25 years; D, 1.56 years;
E, 3.02 years; F, 4.88 years; G, 5.87 years). The asterisk indicates a sequence identical to that of a liver-derived variant. (B) Case 2. A total of 212
independently derived HVR1 sequences (mean of 21.2 clones per time point; n � 16 to 24) were analyzed as described above. Letters correspond
to the specific time points after birth at which sequences were isolated (A, 0.21 years; B, 2.07 years; C, 2.30 years; D, 3.60 years; E, 3.83 years; F,
4.29 years; G, 7.07 years; H, 7.46 years; I, 7.76 years; J, 10.03 years; K, 12.65 years). Asterisks indicate the sequence of a liver-derived variant (b9)
or sequences identical thereto. Predominant variants from the first time points were used as reciprocal outgroups in both analyses. The scale bars
represent 0.1 nucleotide substitutions per site.
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description of long-term coinfection in children following
mother-to-child transmission and highlights what may repre-
sent important characteristics of long-term pediatric HIV-1–
HCV coinfection. (i) Diagnosis of HCV infection in coinfected
children may in some cases be delayed, as HCV-specific hu-
moral immunity is often impaired in HIV-infected subjects (5,
12). (ii) Early development of liver disease is present, typified
by transient elevations of transaminases, moderate hepatic in-
flammation, and early fibrosis. This contrasts with the relatively
mild clinical and histological pictures observed in pediatric
HCV disease, with which less liver fibrosis and inflammation
are observed than in adults after a similar disease duration (2,
10, 32). Differences in route of infection (prenatal versus peri-
natal), pathogenic properties, and variant composition of in-
fecting HCV isolates may also have contributed to the patterns
of liver disease progression (2, 32). (iii) Exacerbation of he-
patic abnormalities correlates with changes in ART. As in
adults (1, 14), initiation of combination ART was associated
with increased CD4 counts, rapid remodeling of HCV quasi-
species, and transaminase elevations for patient C1. This is

consistent with the notion that immunocompetence leads to
more aggressive development of HCV-associated hepatic in-
flammation. However, elevations of transaminase levels were
also seen in patient C2 in the absence of HCV-specific humoral
immunity, suggesting the possible involvement of medication
toxicity (20) and/or cell-mediated immunity in HCV-associated
liver disease (4).

Nucleotide sequence accession numbers. All nucleotide se-
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GenBank (accession numbers AY385797 to AY386123).
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FIG. 3. Longitudinal analysis of the distribution of HVR1 variants in two coinfected children. Each color corresponds to identical variants in
within-group analysis but not in between-group analysis. (A) Case 1. A total of 115 independently derived clones were analyzed (mean of 16.4
clones per time point; n � 13 to 20). (B) Case 2. A total of 212 independently derived clones were analyzed (mean of 21.2 clones per time point;
n � 16 to 24). Introduction of and changes in antiretroviral therapy are indicated by arrowheads. Arrowhead 1, zidovudine-lamivudine-ritonavir;
arrowhead 2, zidovudine monotherapy; arrowhead 3, zidovudine-lamivudine-saquinavir; arrowhead 4, amprenavir-didanosine-stavudine; arrow-
head 5, lamivudine-stavudine-ritonavir-nelfinavir; arrowhead 6, didanosine-stavudine-lopinavir-ritonavir.
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